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Hendrick Conical Tumbler Blenders were devel- 
oped for the rapid and efficient miaing of solids in 
all states of particle division ranging from Urge 
pebble to 200 mesh size powders. These Tumbler 
Blenders are available in a wide range of sizes and 
capacities, from laboratory models to large units 
for the blending of five tons of solids per batch. 
Conical Tumbler Blenders are ideally suited to the 
blending of : 

Pigments or colors. 

Plastic moulding powders. 

Ores for assay purposes. ' 

Salts in pharmaceutical preparations. 

Dyestuffs. 


c 


Hendrick Conical Tumblera owe their efficiency 
to two important feature! : 

1. End-to-end tossing action. 

2. Scattering lattices. 

The end-to-end, or bin-to-bin, tossing action it 
developed by setting the angular velocity of the 
tumbler at that point at which the centripetal and 
centrifugal forces acting upon any particle in the 
bin are critically equal. This tossing action prevents 
the rolling of the mass on itself, thus guaranteeing 
a maximum rearrangement of spacial relationships 
between particles per spin of the nunbler. The ex- 
clusive Hendrick "baffled-fall” feature is obtained 
by the positioning of a lattice or grating so as to 
exert a scattering action on the tumbled mass. These 
lattices or gratings may be incorporated in remov- 
able sections. They prevent the unhampered falling 
of the mass in large aggregates. 

The Hendrick Conical Tumbler Blender consists 
of two conical bins attached by girth welds to a 
cylindrical belt. Either separate trunnion members 
emanating from the cylindrical belt, or a through- 
shaft passing through the entire Tumbler (depend- 
ing on the construction preferred) are used to sup- 
port the tumbler. The trunnions or through-shaft 
are boused in rigid pillow blocks. The motivation 
of the drum may be effected through a direct coup- 
ling of a trunnion with the output shaft of a motor- 
reducer drive, or a motor-reducer and pinion and 
spur gear assembly. 

Drives for Hendrick Conical Tumbler Blenders 
are designed for "inching” of the tumbler into posi- 
tion for charging or discharging. 

The compactness of the Hendrick Conical Tum- 
bler plus its extraordinary efficiency as a Blender 
gives it the following advantages: 

Low Boor space requirement per unit capacity. 

Rapid, time-saving blending. 

Low blending costs. 









Hendrick Barrel and Tube Blenders are suited to 
those instances of solids blending in which a grind- 
ing or comminuting action is essential. Like the 
Hendrick Conical Tumbler Blenders, the Barrel 
or Tube Blenders are available in a large range of 
sizes and capacities. 

The Barrel or Tube Blenders are frequently pro- 
vided with internal baffles which induce a longi- 
tudinal exchange of materials in the Barrel or Tube 
in addition to the local action caused by grinding 
balls or bars. 

The basic mass motion in the Tube or Barrel 
Blender is an end-over-end or "kneading” action. 









ADDITIOSU HVADRICK PROCESS EOlJihlElfT ’ ’ 


. - ^ ^ .......... .In addition to the Mixing Equipment described in the foregoing . * r 

i Hendrick Manufacturing Company huSida: ■ . • ■*; ? ' 

;■ ■■ . . / Re.inKettlei‘''^ k '"v.Sv/: ' j'; V ’ ^ 

' ' i - AufoclavM ■ ■ l\-' ■ O ; ^ '• 

Nitratora 'f. ' 'v'r- ; < ; !• V*.. -,* ■’■ f/ 

i ' : ; ■* * ' Sulphonators ■ j ‘ ) • ' i i ^ ^ * 

’ . Emuliification Equipments ’" > ! • .-* • ‘ i, " ■ 

Oil Blowing Vesaele •' > ! * . ' ■ ■ *' ‘t >- 

V . . , ‘ Chlorinatora • ‘ •. * T — ' 

Paint Thinning Vessels ... ^ ‘if 

■ ' ' ' Reactors -• •* ■; • 

' ■ ■ Blending Equipment ' ; .-"/. I ; ^ 

. i I* Cotton Thinning Equipment • j * ■ V ■ 

. ' Complete Pilot Plants, ’ 

. ; Oompl etc Cqnunercial Production Plants . _ V 

’•. •• } General Welded Pressure Vessels • ~ ^ 

‘ I ' Special Process Equipment ( •.' * 

iui th. .bov. «,uip„.„. i. ...iubi. i„ rti f.rro». i. „i] „ o„. „«.i. L 4r 

.l.d.K«l., Hendrick Pfoce^inj E,uipni.nt «iuipprf rtth Hendrick Minin* Uni« offer. uniJorm hirt 
quality construction, easy assembly, and maximum processing efficiency. ’ ■ v y \ 



\ -For further information concerning the mixing equipment described in this bulletii.'^r for enii.'rV" 
neenng assistance in the solution of mixing problems or the design and construction of chemical - 

, ■ process equipment, please address: t- - a 

; II O P R I C K II H II FK T m I K C H jlrt fes 

’ . V’ • ■ Process Equipment Divisioa ' ^ 

. , V .. CARBONDALE, PA., ^ • I;: / . ' 

i..- : Alsb Manufacturers^f Perforated Metali Wo Open Steel Flooring^ Mi tco ‘ ' v‘ : ^ ’ V' ' 

^ ‘ .Shur-Bite Treads, and Mitco Armorgrids for the process and other industries. ‘ V:'- j.' t' 












>«vaed by United State* Patent No. 2,387,479, 


1. Fractionation effidency up to SO tbeoretical plates. 

2. Fractionation charges from 2 mL to SOOO mL, inclusive. 

3. Temperature range from room temperature to 752 °F. 

(400X). 

4 . New predsion device for adiabatic temperature con- 
trol 

5. Atmospheric or vacuum fractionations. 

6. Three interchangeable fractionating columns. 

7. Improved spiral packing for small fiftlumn 

8. Rapid fractionation with complete visability. 

9. Easily operated with a minimum of experience. 

10. Special machined supports for assembling apparatus. 

1 1 . Precision control panel for operating the columo’s 
“Suggered Dual Heating Unit" and still pot. 

12. Special aluminum alloy pot beater with kxw tempera- 
ture lag. 

13. All metal paro noo-corroaive to normal laboratory 
atmosphere. 

14 . Rapidly anembled or dismantled. 


An efficient and versatile laboratory fractionation column assembly with a 
new method of adiabatic temperature control for complete fractionation 
of many types of organic liquid mixtures either at atmospheric pressure 
or under vacuum. 

For additional experimental results, methods of operation, and details, aee 
article, "Efficient and Versatile Laboratory Fractionation Q>lumn Assembly," 
by F, Todd, Ind. Eng. Cbem., Ansi. Ed., VqI. 17, psge 173, 1943. 


Write for article reprint and TECHNICAL 
BULLETIN 100 for more detailed information. 




PRICE LIST 


C 17950 FRACTIONATION COLUMN ASSEMBLY... $175. 

C 17955 CONTROL PANEL 75. 

C 17960 ALL PURPOSE LABORATORY HEATER 25. 


-M:.- 


ACCESSORIES 

(•«t iiKludcJ hi Ml* abov* ancmbly 

C 17965 STILL POTS. Pyrex glass, with 19/38 standard taper 
joint, thermometer well, set of eight assorted sizes with 
the following capacities: 10, 25, 50, 100, 250, 500, 1000, 
and 2000 ml Set $37. 

C 17970 VACUUM RECEIVER. Pyrex glass, 50 ml. capacity, 
graduated in 1 ml. divisions, with five (5) standard taper 
stopcocks for making necessary connections $25. 

C 17975 HELICES, Pyrex glass, 3/32" dia. for packing both the 

12 and 25 mm. columns. . Lot $27. 

(These helices are non-corrodible and are a generally use- 
ful size for the majority of atmospheric or vacuum precise 
fractionations. The precision spiral Monel packing is rwr- 
mally included for the 5 mm. vacuum jacketed column.) 


DutribuSed by 











S uccissm. operation and general ac- 
ceptance ol our firet model Ccoterion 
Manostot (oeer 3,000 in uee) hoe led to 
the development of a new, more eensi- 
Uve, oompleleli’ uniUxed and mounted 


formerly oeed, which maiee tor ecoier 
manipulation of the instrument. 

By increasing the diameter of the float 
and the float chamber, we have in- 
creased the sensitivity to the point where 
any laboratory system can be held at a 
oonslant subotmospherlc pressure rang- 
ing from 7$0 nun. of Hg. down to obout 
1 mm. or less. The sensitivity and oopoc- 
tty of this device has been developed in 
o recent publicoctlon which explains the 
theory and operations.* 


We therefore recommend this device 
os a ffloei convenient, efiective means 
for obtoining reduced pressure control 
in vacuum distillotions, vapor — bquid 
equilibrium measurements, etc. This de- 
vice presents a simple, positive means 
for setting and maintaining ony desired 
vacuum In a system. It eliminates all 
electrical appliances and no additionol 
occessories are required other thon 
shown in illustrotien. 



Bee OOUM* faxTsasetf ptewun b the srstea 
and coiMqunl msrcurr displocvnen) down- 
wojd estsld* th* loot and epvatd testde lU 
■oat. T1>* Soot tlwBvlnb. opoabs op th» otUet, 
end penniu ouvstrictsd sxbaust vUcb Uwn te- 
storw •qvntlirtaa os the 9oal rises eoid poshes 




The Greiner Company, first to of- 
fer a regulotor that operated purely on 
a pressure principle, now offers cm im- 
proved model of that regulator. 

The new manostot is mounted on a 
eupport ond unitiied to insure safe 
handling and easy instoUotion in the 
laboratory. One three-way stopcock has 
replaced the two straight bore stopcocks 


ItfllMI 


h* swrcury soa i od beQ ^asihoT el bo 
d ootsldo of tt. Th* aoKuiT Iharslor* ta 

Bseisvd. 


Ib* vSoCt d Ih* pun 
With proporly oxBomhlod srslsm. 


As SOOB IS Ih* riopood b doted. It Is obdoot 
(bol ar ovocaoUea ol th* ersica can only h* 
OoeempUshad throogh th* esUc* which i* now 
tost «sae11y b eootact vib b* dbe. 

Th* Wok (nol »sr »» dln 9 Ih* eapodly e< Ih* 
ponpt which taaj b* btssttcooDy btrodiiosd 


Z-IISi. CcotodoB 
eoapUl* a* IQusttalsd. aod* of pyns gloss. 

W* wlU wsleoq* youi loqolrl** coBccralDg 
targw md aar* ••biIIIt* onllt ior tpodol mm. 


^Jmi£ GBEINEB a. 

161 SIXTH AVENUE NEW YORK 13. N. Y. 

Bfsncb Of fict! 112 BROADWAY. CAMBRIDGE. MASSACHUSETTS 
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STAINLESS STEEL WEIGHTS 




NON MAGNETIC - RESISTANT TO CORROSION - nARLE 

Vobnd Suinleu Steel Weight* are made of a oon-nugnetk 
alloy, specially selected, which u highly resistant both to 
abrasion and surface oxidation. Precision of adjustment 
€)ver long periods of time is thus assured. These weights 
are not hygroscopic and therefore do not change weight with 
changes in humidity. They are resistant to corrosion and will 
withsund most bboratory chemicals. A highly polished 
surface eliminates the need for bcquer or other protecuve 
coatings. 

Voland Stainless Steel Weights are available in all sundard 
sets and in individual weights from one gram to one hun- 
dred grams, adjusted either to Class S or Qass S-2 tolerances, 
as desired, 

Qass S sets are furnished in polished wooden boxes, vdvet 
lined, with nylon tipped forceps. Fractional weights are 
protected by a glass cover. Two riders are bcluded in 
each let. 

Qass S-2 sets are furnished in wooden boxes, vdvet lined, 
with brats forceps. Two riders are included in each let. 

Glass covers over fractional! in Qass S-2 sets are 75c extra. 
Nylon tipped forceps for Qass S-2 sets are |1.00 extra. 


-PRICES- 


SET ChaS Oh) S-2 

20 grams to 1 mg. $29.75* $18.50 

50 grams to'l mg 32.00* 1925 

100 grams to 1 mg. 34.75* 21.75 

* CUa E kU sapplied with Flalinum and Aluminiun (i actieiuls. 
For TuuIdiu sod Alnaiinuni fractional^, dedetet S5 jC0. 

• 

FOR CHAIN BALANCES 

20 grams to 100 mg $25.25t $15.50 

50 grams to 100 mg. 28.00t 16.50 

100 grams to 100 mg. 3125t 18.75 

f Class S sell supplied with Pbiinum and AlDmioani fractiouls. 
For Tantalum and Aluminum frartJoiuls, deduct $4419. 


FOR NOTCHED BEAM AND CHAIN 

20 grams to 1 gram $19.75 $13.75 

50 gram* to 1 gram 2325 14.50 

100 gram* to 1 gram 2725 17,00 


INDIVIDUAL WEIGHTS 

Price Price 

Size Cfasa S Oaaa S-2 

1 gram $1.75 each $1.10 each 

2 gram 1.75 “ 1.10 - 

5 gram 1.90 “ 120 “ 

10 gram 235 " 130 “ 

20 gram 2.75 “ 1.75 - 

50 gram 325 “ 225 - 

100 gram ’ 425 ** 325 “ 

For dooblr ebecked wei|hl> add 30 % 

For Factory certificate add 30% 







the "KMOW-HOW” that won this ^WARD 


IS BACK AT ITS OLD JOB OF BUILDING 
ADVANCED DESIGN HEAT TRANSFER EQUIPMENT 





water heaters for INOUSTRIAl USE 

bag Truer HcAieri cover a comply «iuU»T 
audiDR unk Bcd unkleii modelf for either w.ter-to-wRt*r 
or M^-to-wRier bet tr.Q.fer. VhRiever your 
meats, you'U fiod the proper trP« »«>d capoeny la the 
bag line. ^ 

CENTRlFOOAt rOMFS 

Rugged comp.a uait*. with .U ^Aioed m ^d 

™d6c.tioDS Aod CAieluUy ..sembled 7 

S^ughout Rssures quick .od esy ’ 

B ft C CeotrifugAl Pumps ore BvmilAble in either 
coupled, bsse mounted modeU or with mt^r Rod pomp 
faJitmUy mounted. Open or BemKodosed impeUers. 


For cosh bovIugs plus poslHvo tomperotum toolrol 
The "Wtr InsmntAneous TTater Hester is etppped , 
with a bag Booster, which pumps *»'*V 
the shell, thereby greatly ,ie 

Whenever service water iemperaiu« dro^ Wow 
desired degree, the Booster auiomatically P"®P*^''“ 
water through the shell until service water ts 
Jb. ««c. lemperamre. Pumped 
smaller pipes and fittings— hence 

^ the tone and cutting and threading can be 

. done on the jol>- 



heat "transfer 
equipment 

„u sSSimi «MP«n. oipt . «♦. momoh 6»o»i. 


myMirAi a UETALUJBCICAL ENCINEEBINC • WM 




^HE HANDtPILER lomds, un- 
loads, elevates, stacks, han- 
dles cartons, cases, bags, other 
packages. Compact, lightweight, 
safe, easy to operate, flexible, it 
is easily wheeled into crowded 
corners, around the shipping 
platform — fine for truck loading. 
Adjustable boom is clear of 
supporting obstructions; easily 
n^tended over piles or into car 
or trudL Floor locks hold ma- 
chine in position. Reversible 
carrying aproa Available in four 
fires, high end adjusuble up to 
7%,8^4.9V4,M»d I0V4f«t; stacks 


commodities as high as 12, 15, 
or 14 feet. Handles individnal 
items op to 100 lbs. Motor me- 
chanism' in base frame — ^plog 
into any convenient outlett 
Write for Bulletin No. CM-16, 

STANDARD CONVEYOR CO., 
CvMTot OHUm, NmIS n. Pm) 9, Maa. '' 
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O from the methane hy htuling pore nitro- 
nnder vacotun. The bydrp^ stream 
containing 0.0001 percent OO and 9B-99 
percent hydrogen h used fat the bydingeD- 
ation of acetylene to ethylene. Ibe iriftlanr 
stiam B letomed to the are tmiL The 


ethaneethylcne stream h chamd to s sec- 
ond Unde unit where pore ethylene is sep- 
arated. , The ethane n letnmed to the an 


The natmal gas consumptioD h 120,000 
tool pa year. Each 100 kg. of nnr gas 
produces 45 kg. of acetylene, 9.2 kg. ' of 
ethylene, 5.1 U. of cmhon black and 142.5 
cu.m, of pure hydrogen. ' - 

The plant consists of 14 arcs Vith 12 aits 
mnning at any one lime. One arc oon- 
sumes 7,000 kw. and produces 700-800 kg. 
of acetyiene pa hr. 

The gas entos the nppa section of flie 
arc through a tangcnbal airangemcnt to 
produce a twirling motion in the arc tnbe 
propa so that the arc will not remain at one 
point for suScsent time to born dsoq^ 
the tube. The arc tnbe propa h an inn 
pipe of 90 mm. inside diameta and 1 a. 
m length. A watn jacket is provided ammid 
this tnbe to prevent excessive burning of the 
tube. The arc is itnick bv a starting mechm- 
km which is immediately withdiam. Hie 
iron are tube has a life M 150 hr. and then 
is removed and discarded. It is necosaiy 
to ihnt down the arc emy 1-5 days for 
deaning out the carbon black. Two arcs are 
Died in connection with one wata-washing 
a^em in orda that the arc tnbe can be 
cleaned or changed withoot materially af- 
fecting the output of the i^t 

B£XAMETHYL£NETETRA]ilIl<iE 


Tax SAW matoiali are pomped sepan^ 
throng their own rotameteis, in proportioo 
of 5,050 kg. of 27 patent aqua NH, 4o 
6,000 kg. of 50 percent fonnaldehyde, to 
the mixmg chamba. The material is sent 
from the miza to the evaporator srith 5 
oompaitments containing tube bundles. The 
dilute aolutioa from the mixa is flo w e d to 
the first oompartment, and Ire ovoflow to 
the second compartment and by overflow 
■gain to the third compartment. The eon- 
oentrated solution (40 nacent aolids) It 
then flowed to a vaennm (ISO mm.) ev^or- 
■toT with atina in well of tube sheet and 
with tubes around file cirenmferenoe. The 
aolutioD tempaatuie was 60 to 70 deg. C. 
A vacuum was maintained with • pomp and 
file condensate discharged fiuoum a baro- 
metric 1^. The slurry from fiie evapo- 
ratOT is discharged to a confinnoos centrif^ 
where the hexamme is dried to 5 percent 
HjO. T^re were four such evaporttoo 
operated botchwise so that the miza and 
ooDCcntrator were kept in oontinnoni opesa- 
tioD by rotating from one evapoiatm to 
anotha. There were two continuous centri- 
fuges, each wHh its own steam jacketed 
6^. The diya agitated the product by a 
rotating screw aimuu to a screw conveyor. 
The hexamine containing 5 percent was dis- 
charged into the dryers described above 
where the steam jacket maintained a tem- 
paature of 105 deg. C. inside of the drm. 
The hexamine was put through a cniua 
and screened to size with oversize lumps 
returned to the ousba. The prodoct (^.9 
percent beaamine] was bagged as made into 
loo kg. bags with a weighing device on the, 
end « the diya afta the onsher. The 
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DothCT liqDor bom tliie'intrifoR n m 

'^.1 itirrb£ Icettk. dilnted with ad 
J poal wa idcM to mnove the color. 
< tdoticiD wa thcD tSovod to i**U iwi 
the dev I^dot pamp^ bod: to die rwr o- 
tator for Rprooesii^ r- ‘ "i- * v .-i™ • 

THE FISCmiR-TOOPSCB FSOCB^'" 
‘ Ilf TBz fint fow di 7 > of Mvdi 1945 ■ 
PtthcLcr^Tropsdi plant at Moen and ■ In* 
drt^enafa'os plaat «t Wenetm^ «m Om- 
toTM aiu) opened for invadgatiaii. An LC, 
Fabenindatne plaitt at Ladwiejliofea «a 
eoptured on Maidi 25. - 

Since the lynflictic oH mdtotiT ira the 
basil for most of foe mOitaty ad emUai 
tnruporMon, it leceivcd o great ded of 
attention from foe Allied bomben. ' Ccr- - 
man lyiifoetic prodoctico readied a of 
Knnewfaat over 550JX>0 oietiK touts' 
month in 1944. . . " 

The first nachaTiopich plant iunuti . 
nted wa at Moen, a map town of 
Kr^d, on foe west bank of the Ptiii'a 
All other Fischer-Tropsch planti were' fa 
■ ^ Ruhr (eidiuive of those which mn a- 
bt i n foe p ea leired by foe Ruisiani) «Ui 
foe esocptkn of a oommeitiRl plant at 
aendcd and one small pilot plant nee 
Ldpag. Informatian on dant nri* j at M i^ || 
wa not diScnlt to aecnie. 

AD FiKher-Tropsch plants fa Cermam 
operated by caentiallr foe same ' 

with only minor vanatiOBS. to *wt , -no 
Fischer-Trop^ plant ha bhm Im»T« 

I95S, t decision which hinged appaieiitly oo 
foe German oonvictiOD that foey wooU be 
able to seize other soorcet of oil. and did' 
not need to expend additional funds, man- ' 
power, and materia] fcr synthetic oil • 
Synth^ ga for foe planti wa «na«V d- . 
most oniveisally by foe wata-ga reactioD, 
lumg coke. Ejqnimcntal work nsing brawn 
cod a EBw materia} wa being trinj fa foe 
I^y g^ Forificatico of foe gases ms 
carried oot in two steps using itod aside 
cvalystofo remove H,S and tton onle ota- 
lysts treated with aodinm cationate to le- 
move mganic snlpbnr. In foe latter eoe a ' 
smaB amount of oxygen wa Ued fato foe 
gas before pnrifiation wa attempted. The 
mtio of b^ogen to carbon monoxide wa 
balanced by foe nse of a foift co nveitg to 
rcKt CO and water to produce hydrogen on 
by meant of craebng coke-oven ga foer- 
maUy or catalytk^y. Where cokesoven ga 
used, an active carbon adsorption 
tem wa fieqncntiy necessary to lemovc 
resiaoui material. This stq> gCDcially pre- 
ceded passage of foe ga to foe ogaiuc suI- 
pbuj removi equipment : 

At Moen foe plant contams three bat- 
teries of coke ovens of whidi foe two old- ' ' 
est were built in 1907-08 tod foe aewot 
wa bnflt in 1928-29. There are 210 okbi 
in dl. Hie newer ovens handle 20 tons of -- 
coal per foaigc, which is coked fa 52 hr. : 
The noraul thioogbpot of tD ovens wa 
1,800 tom of coal per day which yidded . 
1,500 tons of oedee pa d^. . 

Wata ga is made fiom coke ill'll ICbp- 
^ KDcretoa and h passed fa p^ 


crease foe atio of hydrogen to caboo 
monoiide. Coke^ivcn ga is "ciwied" 
steam non-catalytically in a battery of at 
Cowpa stoves and b mixed with con v erted 
wata ga fa foe pir^iortioo requited to gire 
. t 2i:l atio of bydn^en to OO. The mmd 
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Here u bx «uppl/ line of ChoD^ : 
{cals fix Amenau ladnssy. Nonli,' 
Somb, Eatl or ^^ . . . arfaerm dx' 
oeedf are gnatm . dtere, too. arc 
ebe hcaTiesi ^oDCcatratlosa of 
Gcncnl Cbemiatl pU)ttt,V)^thoa$a, 
•od tcchmtd ttrtkt ofica-^tpipptd 
«fid prepared to meet |be d»«aicd 
of dx day. *: 

^ almoft baif • «eon^» tbb 


- Mrpager.^ 
J Itapantdiecoatijicm... .fcacbesoot 

to the moat remote loc*tioaa'. . '. al'' 
' ways ■wintainin^ Qie fsQ flov Of • 

' broad and varied range of tbemkab 

- BO occessaty » peak prodocdoiL ' i 
.* . that b why-in every braneb of 
y lodnstiy, everywhere^die dtmee b 
• <;eoeral Cbemkal . . > Fint in Baric 
■ / Cbexnkab tor American lodusnyl. > 


GENiftAl CHiMICAlv COMPANY 

40 tfCTOt sntm. HEW rowc 6 , ht. 

Stiti md TtrhmicJ Strvie* OMttt: AUanta • Brilinioit • -Boitoo •' Bridcepoil (CoDB.) 
b«4>>o • Chariott* (N.C) • Oricar* ' Clevrisad • Di^ • 

OtT • l« Aoedo • ICcuapolii * Wcw YoA • PhlUidphU * Pittsburgh • Ptonieoce CA-nI.) 

S«a Prtfxa® • Setttle • Sl Loon • Wet <N. YO • * ^Utina 

' ' h WuoaMffl: GtneriJ CboniaJ 'Wucooib Cotponlioa, Milviuki^ 

b Cim<i; Vm bOab tt in trO C it i a i . UntUt » ■actiW ■ Taraata • ysacaww 
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Mr. Abraham Brothman 
A. Brothman A Aesoclatea 
2928 - 41 Avenue 
Long Island City 1, New York 

Dear Mr. Brothman ; 


In our recent examination of your patent data relat- 
ing to the process of manufacturing methyl methacrylate monomer, 
ve particularly called your attention to four patents which 
we regarded as of considerable inportance with respect to your 
process steps. 


We find that in the Patent Office proceedings the 
following references, as listed, were cited with respect to 
each patent: 

Patent 2.054.242. Cocker et al 


References 

Patent 2,163.720. Taughh 
References 

patent 2. 385. 346. Smith 
References 




1,942,677, Blebenberges^' 
Br. 377,249 


1,169,341, Merling 
Oer. i^0,226 


2,161,191, Perkins 
2,163,720, Vaughn 
2,250,445, Bruson et al - - 
2,326,099, Kokatnur et al 
2,345,170, Zeltner et al 




Hr. Abraham Brothman 


- 2 - 


February 21, 1947 


Patent 2.385.547. Smith 
Referencee 


2,130,525, Coleman et al 
2,161,191, Perkine 
2,163,720, Vaughn 
2,248,019, Frleeer et al 
2,250,445, Brueon et al 
2,345,170, Zeltner et al 


Sherman •Organic Analysis", Bnd Ed., p. 146 (DIt.6} 


You will note that the Russian literature citations were 
not used against the Vaughn patent. 

Some of these references seem to be of considerable 
liDportance, and possibly your Mr. Cold will have a chance to 
examine them at the public library. Your attention Is particularly 
directed to Noe. 2,161,191; 2,250,445; and 2,345,170. The data 
In the Official Oatette with respect to the last-mentioned patent 
Is as follows: 


■Patent No. 2,345,170, Process of Making 
Acetylenic Carblnols 

Joseph Zeltner and Mlchallas Genas, Parle, 

France; vested In the Allen Property Custo- 
dian. Application March 29, 1940, Ser. 

No. 526,804. In France June 16, 1939 
(Cl. 260—638) 

1. The process of manufacturing an acetylenic 
carblnol by reacting acetylene with a member of 
the group consisting of aliphatic aldehydes and 
Ite'tones in the presence of solid potassium hy- 
droxide in a solvent medium including, the step 
of effecting the reaction In an acetal as a solvent.* 

This claim would apparently be Infringed by the first 
step of your process. 

Copies of the three patents referred to above were 


Yours ve^ truly. 


ordered. 


o 



Am ER I CATC Cya:n AMID Company : - 

30R0CKeFELI.cn RLAZA 

>rEW VORK SOiK-V; 

TCLAA4MC OnciA r-oloo 

Janiaap 7 7 , I947. - 

A, Bpothaan ft iBBoclatds. ■ ". 

8503 - 57th Ave., -%> 

IlBhUrSt, L. I. y,-,' -■ 

Attention of Mr. A. Brotlman. . ,..-s . 

Gentleaent 



. . 5 * Technical Dlrlslon adTlseB 

of your IntereBt In Aanionlu* Ifetavanadato and In accordance 
vlth your request, ve are aalclng a fire pound sblpaeat fro» 
our Brldgevllle, Pa. plant. .. 

This naterlal le atallable In Halted quantltlee ' 
froB tlao to tlJM at the following prlceBt . 

i 2.%0 per pound la 100 pound or aore lote 
2.50 per pound In 25 pound lots 
2.75 P«r poxind In less than 25 pound lote* 

These prices are f.o.b. BrldgeTllle, Pa. and the 
usual terau are net thirty days. 

If there Is any additional Inforwitlon which you 
feel we can supply, please do not hesitate to write to us again. 

Tery truly yours, 

AMERICAI CTAHAJCID COMP AIT 





E.^, Tuthlll, 

Synthetic Organic Cheelcals Dept. 
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paper C F. Frj-ling and E. W. Harrington (42). How- 
ever it seems that the conditions for emulsion polymeriza- 
tion are more complex than those of the polymerization 
of a vinyl derivative in aqueous suspension, where, with- 
out the use of any emulsifying agent, macroscopic globules 
of easily measurable size (diameter between 0.1 and 10 
millimeters) can be produced and maintained. It was 
therefore felt that a number of preliminary measurements 
on suspension pot)-merization might not be out of place. 
This article intends to give a qualitative description of 
the general procedure In "pearl" or "bead" polymeriza- 


tion ; while another paperC^l try to propose a somesvhat 
quantitative treatment of such processes. - ' ; 

In addition to these basic investigations that have been 
carried out in this laboratory during the last three years, 
the properties of the pol)'mers produced by this method 
were studied. From a commercial point of view it appears , 
that cer^n advantages might be expected from *^pearl" 
polymerization. The procedure as such is simple, and the 
polymer is obtained in an easily manageable form. Tem- 
perature control is comparatively easy, and the homo- ' 
geneity and purity of the product represent appealing ‘ 
features. 

Figure 1 shows as an example a number of globular . 
products as obtained by this procedure, and Table 1 giw 
a few representative figures of these materials. - - , 
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EtpenmcnUl Conditions 

The principle of this type of polymerization it that the 
liquid monomer is being dispersed in a non-solvent (in 
most cases water or aqueous solutions) by strong me- 
chanical agitation and that polymerization takes plact 
inside the small suspended globules. This eliminates the 
use of suKace active materials and produces fairly pure 
substances since the globules themselves do not contain 
anything but the polymer and traces of a catalyst. It was 
soon found that, in general, mechanical agitation is not 
sufficient to prevent the monomer globules from coalescing 
at some time during the course of the reaction. It became 
evident that it would be advantageous to add certain sub- 
stances to act as tust>rnsion slabtliser s. Several patents 
(including 45) Besenbe and protect the use <rf such 
stabilizers which may be of organic or inorganic origin. 
They do not stick permanently and closely to the final 
polymers, as soap or other surface active materials do, 
and can be easily removed at the end of the reaction by , 
adequate washing or filtering processes. 

A rather simple experimental arrangement can be em- 
ployed. The |»Iymerization is carrirf out in a three-' 
neck flask, equipp^ with mercury seal stirrer, condenser, 
and thermometer. Figure 2 shows one of these flasks 
which has performed fairly satisfactorily. They could, 
of course, be used only for monomers whose boiling points 
lie above the reaction temperature. For the polymeriza- 
tion of lower boiling or gaseous monomers electrically 
heated autoclaves run on a shaking machine are necessary 
(compare Figure 3). „■ . 
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Catalysts, or rather initiators or activators, indicated for 
his method of polymerization are mainly ol two types : 
lamely, hydrocarbon soluble organic peroxides and water 
oluble inorganic peroxides or salts of peradds. It was 
^served that contrary to the experiences with emulsion 
lolymerization the hydrocarbon soluble types proved dis- 
inctively more effective. (See Table 3.) A series of 
xperiments carried out with styrene and bcnzojl-per- 
ixide at C. showed that the rate of the reaction in- 
reased with the amount of peroxide used and that under 
he conditions prerailing in these runs the main part of 
.he reaclioii takes place between the second and third hour. 


90 i Pcl,n>rr 

(fobtflcf 

7orB>«d 

90 J Pol)WT 


The ratio of water to hydrocarbon is of relatively small 
nportance as long as one works with a suflkient excess 


if one has between three and six times as much water as 
hydrocarbon. Higher proportions of monomer interfere 
with prtmr dispersion and make the temperature control 
more dimcult. 

Beiuoy] peroxide initiates styrmc polymerization in dis- 
persion at temperatures above x>* C. (2, 14, 35, 36). The 
polymerization temperature is limited by the softening 
pmnt of the polymer. Approaching it, the gtobulei tend 
to merge and to yield lumpy masses which do not poly- 
merize homogeneously and include some of the suspension 
stabilizer. In our experiments, therefore, temperatures of 
about 10* below the softening range of the reactant ma- 
terials were used. 

The pH of the aoucous pluse has a definite influence 
on the ease of "pearr’ formation. Alkaline conditiems iq> 
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to a pH of 10 do not interfere with the iitipn of pearls; 
while reduction of the pH even to 5.0 provcs;detninental 
to the reaction. .• 

Keeping the above points in mind it is compir^ively 
'easy to control the course of a “pearl” polymenzf\ion 
and to obtain globular polymers of any desired size. 

The So»p«n»ion PoIymeriMlton Ruetton _ . 

“Pearl” pol)’merization takes place in three rather 
- definite steps. There is a first period during which the 
dispersed globules of the monomer remain liquid and 
show little or no tendency to coalesce as long as stirring 
is continued. This J»rt of the reaction roughly correspo^s 
to the induction period as observed in other polymerization 
processes. During the second step some polymer u 
formed in the globule and dissolves in the monomer, thus 
producing gummy and sticky particles which tend to merge 
with each other. Finally polymerization throughout the 
globule is more or less completed. The second (stic^.) 
period is most critical for the outrome of the reaction since 
during it colloiding spheres are liable to agglomerate. At 
the beginning, while the reaction mass is still fairly fluid, 
such coalesced spheres are qpickly broken up again, and 
tow-ard the end the globules do not stick togrthcr as long 
as the temperature is kept below the softening point of 
the product. . . 

WTiether a particular material polymenzes in well- 
defined “pearls” or whether it lumps together seems to 
depend upon the stirring, the nature of the suspension 
stabilizer, and the difference between the density of the 
aqueous medium and the monomer. Best results are 
obtained by adjusting these three rontributifig factors 
carefully to an ^timum degree. It seems that the finely 
dispersed stabilizers adhere to the surface of the spheres, 
and form a layer around them preventing coagulation, 
upon collision during the sticky period of the reaction. 
Superimposed on this phenomenon is the fact that an 
increased density of the aqueous medium helps prevent 
localization of the globules in one particular zone of the 
liquid. It is possible to carry out polymeri»tion of mo- 
nomers, such as styrene, acrylic derivatives, isoprene, -etc., 
in aqueous salt solutions of various densities and in mix- 
tures of water and glycols or glycerol. 

The mechanism of the reaction seems to be essentially 
one of bulk polymerization (12, 21, 37). Only hydro- 
carbon soluble initiators, as benzoyl or lauryl peroxide, 
start the ruction effectively at temperatures between 40* 
and 80* C; while water soluble catalysts, such as hydrogen 
peroxide or sodium persulphate, are less effective. Also 
water soluble activators do not accelerate the peroxide 
catalyzed reaction noticcabij'. Qualitatively, it is appr- 
enl that the overall rate of monomer consumption, which 
is equivalent to polymer formation, is approximately 
proportional to the square root of the concentrations 
of the hydrocarbon soluble catalyst. This points* to 
a radical chain mechanism for the reaction inside each 
• indiv-idual globule. Owing to the small mass of mono- 
■ mer in the globules and to their extensive cooling 
by the aqueous medium, the temperature in the globules 
does not undergo significant variations. All this tends to 
show that "pearl" polymerization may be considered as 
a bulk polymerization with effective water (fooling. It 
■must be pointed out, however, that the rate of monomer 
consumption in suspension seems definitely greater than 
in bulk under equivalent conditions. We shall discuss in 
' ' greater detail in another communication possible causes 
for this phenomenon. Here we wish to indicate only that 
it seems to be connected with an increased rate of nuclei 
formation in the case of “pearl" pol>'mcrizations. As an 
example of the speed of a reaction, Figure 4 describes 
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a run of styrene at 85* C. and the amount of polymer .. 
formed at various time intervals. ' ' 

The Rcsultins High PdyiBcr 

The polymers obtained in small-scale runs consist in , 
most cases of rather perfect globules of fairly uniform, 
size. Figure 5 gives the size distribution curves of thr« . i. 
different batches of polystyrene. It is significant that in ■ •. 
each of these curves the largMt percentages of spheres 
occur in a relatively narrow size range, and the largest • 
globules have diameters approximately twice that of the 
smallest. Depending upon the nature of the stabilizer 
and the final percentage conversion of monomer, the 
globules may be completely water clear (Figure 6), 
approaching, in appearance the best block polymers, or . 
may exhibit white opacity or all the inte^ediate d^rees 
of translucency. ' - 

Mechanically the "pearls” can be hard, soft, or rub- 
bery, depending upon the monomer or combination of , 
monomers. Styrene and acrylic esters yield hard globules -• 
which exhibit considerable elasticity and toughness. These 
polymers are soluble in the usual solvents; while diene 
polymers or materials containing a diene yield inwluble 
spheres that show a distinct swelling b many liquids. ' 
Figure 7 shows such a “pearl” polymer swollen and sus- 
pended in toluene. This material is rubbery and semi- 
transparent and apparently consists of globules which are 
cross-linked to a considerable extent, * If carried out b 
bulk, such a copolymerization leads to an insoluble and 
bfusible gel which is very' difficult to remove from the 
reaction vessel. "Pearls" of this material, however, can 
be easily removed from the reaction flask and represent, 
a material which offers no difficulties for rolling or calen- 
dcring operations. 

In order to get an idea of the degree of polymerization 
of some styrene "pearl” polymers, the viscosity average 
molecular weight was determined (39-41. 46. 47). Solu- 
tions of the polymer in toluene ranging from 02-0.8% 
were made, and their viscosities measured b the usual , 
way. The btrinsic viscosities of the solutions were 
obtained by extrapolating the sp/c versus concentration 
graph (see Figure 8) and the molecular weights com- 
puted from the equation ; ft)] = KM*, using for K and a 
the values of 10^ and 0.72 respectively. Table 4 gives 
’ a few examples of molecular weights of polystyrene 
"pearls” and shows that the molecular weight is m the 
order of magnitude of 85,000 even under somewhat sarying 
reaction conditions. ..... c . 
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r STTUJI4 “PlAll” PoLTKtSt 


^ It Sunmicn % Timt . Tonpo-Wiirf Vol«tiUr 
r Stabiliur Cattljrit Bean . * T, Wti»H 

T.lt 1 1,0 ■ I ■ *5 85,000 

* ' 0.5 15 75 80.000 




To achieve poI}-nicrization in suspension specific reac* 
Ition conditions have to be worked out for each monomer. 

l]he polymerization itsell seems to proceed like an ef- 
'^fectivcly cooled, speeded-up bulk polymerizatioii. 

The resulting high polymers appear in the form of 
regularly formed spheres of controlled and fairly uni- 
form size. They may be translucent or opaque, hard, soft, 
or rubbery', soluble -or only swcllable according to the 
- ' monoraor or combinations of them. The average molecular 
■ weights of polystyrene “pearls” under prerailing reaction 
conditions are around 100,000. 

The authors wish to thank the Whitney Blake Co., 
-Hamden, Conn., for making this research work possible 
vand especially wish to extend their thanks to J. H. Ing- 
'manson, R, Dudley, and J. W’ulff for their most valuable 
' cooperation. 
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The Formation of Vinyl Polymers 
in Emulsions and in Suspensions-III 


I N TWO previout ibort paperi (1, 2)* « <ew experiinentt 
on the polymerization of ttyrene in nnagiuted aqueotu •oln* 
tion, fuspension, and emulrion were reported. Thu article 
intend* to pretent lofne data conceming the lame reaction in 
ogiiatrd anulaknu. 

To get a preliminary iniight into the mechanitm of cuch 
emulsion polymerizatioiu it becomes first of all necessary to 
cany them out under controlled conditions in a reproducible 
way. This is by no means simple. While it it comparatively 
easy to reproduce individual polymerization runs of styrene in 
solution or in the pure monomer phase regarding the amount 
of polymer formed at a given instant to within a few per cenL, 
it is a rather difficult task to get a reproducibility better **im 
10 or 12% in emulsion. We therefore believe that the following 
' experiments have only the character of an exploratory and 
orienting study, which allows the drawing of certain general 
ConclusiuDS on the reaction mechanism and which makes it clear 
bow better experiments should be planned for a more conclusive 
investigation. 

As a polymerization reaction in emulsion proceeds, the fol- 
lowing quantities are becoming subject of measurement: 

1. The amount of polymer formation during a certain time 
period. 

2. The average degree of polymerization of this polymer. 

3. The molecular weight distribution curve of this polymer. 

4 . The average particle size of the emulsion at any given 

■ 5. The particle size diatribution curve of the emulsion at 
any given time. 

• 6. The amount of catalyst left and the pH at any given time. 

In the following we shall present a few experiments dealing 
with points 1, 2, and A and add some remarks about points 3 
and 5. The change of pH during the emulsion polymerization 
of acrylonitrile bat bem recently followed and discussed by 
Fryling and Harrington (3). 

AboubI of Fohnusr Formaflou 

A number of styrene emulsions .'tth different average initial 
particle size were prepared by vtjr/ing the amount of ammonium 
^cate in the system. Table 1 gives a survey of the' emulsions 
used for these measurements. Aliquot parts (36 milliliters) of 
these emulsions were inUoduced inia test tubes (of about 50- 
miUiliter capacity) vrhicb bad been drawn out into a thin neck 
of about three millimeters diameter, The cctalyst was then added; 
the tube scaled and put in a shaking device, which operated at 
constant temperature with the mr-derate speed of 50 shakings 
' a miiuite. It should be mesrtiooed here tliat the speed and mode 
of shaking are of , considerable influence on the shape of the 
conversion curve ud also on the total amount of monomer 
. converted. We carried out all observations in the same shaking 
machine with the same rate of about 50 shakings a minute, but 
did not carry out any systematic investigation of the influence 
of rate or m^e of shying oo the rale and amount of conversion. 
The tubes were withdrawn at definite time intervals; the necks 
. opened and the contents poured into a dilute solution of acetic 
acid to break the emulsion. The coagulated polymer was filtered 
off and washed several tiroes with metlianol. Then h was 
rcditsolved in methylethyl ketone, reprecipitated with methanol 
and repeatedly washed with methanol and srater smtit the 
washings were free from monomer, catalyst, or soap. The 
product was then dried and weighed. 

The reprodudbility of this method was tested by withdrawing 
several ampules at the same time' and comparing the amounts 
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of polymer formed. At low conversions (up to 2D or 25%) 
considerable variations were encountered, but as the reaction 
proceeded, the results could be reproduced to about 10 or 15%. • 
Vittograd (4) rec^tly studied the polymerization of soap- 
solubilized Styrene srilh the pycnometer method, which offers . ; 
the advantage of continuous observation and, very presumabiy, • 
also of better reproducibility. \.V • 
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Figure 1 shows tome conversion curves of emulsions iritb 
different initial average particle radii (0.4, \A, and 3.6 mkrofu). - 
It can be seen that all curves hare a defirrite inhibition period 
which increases with the initial particle size of the emulsion. ' 
An inhibition period was to be expected because, firstly, ^ 
monomer presumably still contained traces of stabilizers or 
Other impurities and, secondly, air was present in these experi- 
mtmts. It seems that b) eimilsions which contain more aoap ; 
and hence on the average smaller particles, the inhibitors are 
more rapidly disposed of than in less highly dispersed systems. . 
Several reasons can be offered for this effect 
If the inhibitor is monomer soluble, it will take more time to 
diffuse out of a large globule than out of a small one ; beoce tbe ' 
critical inhibitor concentration at which the reaction proceeds rap- 
idly u reached sooner in a highly dispersed emulsion. If the inhiU- 
tor u water-soluble, it may be that h u more rapidly destroyed 
in systems having a large tpecific interface area or It may be ' 
that emulsions containing a higher soap-monomer ratio are 
capable of a faster nucleus formation and, therefore, consume 
the inhibitor more rapidly. Tbe last explanation would be 
supported by Fryling’s (3) views of the action of the aoap ' 
micelles and by Vinograd’s (4) measurements of the ' heat of 
activation of nuclear formation in soap solubilized styrene. ^ 
Tire inhibition period can be reduced by using highly purified 
monomer and by excluding oxygen from the system as much 
as possible (comp. 2), but we have no systematic results to 
offer in this respect as yet " . ' ‘ • 

If one takes Mmples from the same emulsion (containing tbe 
same amount of inhibitors) and runs them at different tempera-', 
turcs, a significant decrease of the length of the inhibition period ' 
_with_tncreasinE .temperature is observed. _JUsine. the sauK ao- 



(2) one obtain! for the activation energy of the initiation reaction 
valu« between 15,000 and 18,000 cal per mol. Thi* aeenu'to 
indiMte that the initiation procetf in these agiuted tyftenu 
hat about the tame energy retjuirement at hat been deduced hy 
Vinograd (4) from the initial rale of the polymeruation of 
(tyrene in unagitated toap tolutiont and by Frilette (5) from 
' the inhibition period in such (olutiont. 

ATorao* Dograa ol PoIjmarUotloa of lha PolyBior fotmad 

After the samples had been weighed, they were used to 
measure the viscosity average molecular weight of the polymer 
formed up to the instant of the withdrawal of the laraple. In 
view, of the orienting character of the whole investigation, no 
osmotic pressure or light scattering measurements were carried 
out, but the intrinsic viscosity was used to determine the vis* 
cosity average ojolecular , weight. For this purpoie the via* 
cosities of four or five aolutioni of each sample were measured 
at 40° C. in toluene within the concentration range between 
c*=02 and c «= 1.0%, and the specific viscosities computed. 
Graphs of ^ wTxu c were then made, and by a straight line 

extrapolation the intrinsic viscosity [vl of each umple was 
determined. Figure 2 shows as example one graph, representing 
three polymers withdrawn from a run at 4.75, 5.00, and 5J0 
flours, which was started with 160 milliliters of water, 19 grams 
of monostrrene, and 1,4 grams of soap and polymerized at 70* C. 
TTiis run is No. 6 in Table 1. The intrinsic viscosities of the 
samples are 1.92, 1.97, and 2.04 respectively. ' 

These values were then converted into viscosity average 
tnolecular weights M by the equitioo 

fvl =* 122 X 10-' * M”* (A) ' 

The two constants in equation (A) were chosen from values 
available in the literature. We are very much indebted to L. 
Drake and R. Spencer, of the research department of Dow 
Chemical Co., 'Midland. Mich, who recently carried out snort 
precise recalculations of these consunts and recommended to 
us the above values. It must, however, be pointed out that all 
the polymers for which comparative osmotic (or light scattering) 
and viscosity measurements have been carried out and for which, 
therefore, values for the constants in equation (A) are avall- 
* able have been prepared either in the pure monomer phaae 
or in a homogeneous solution. It is not impossible that a.poty* 
mer formed in emulsion requires another set of constants, and 
we, tl^refore, do not think that the absolute values of the 
viscosity average molecular weights, as reported bene, are 
•very reliable. We believe, however, that the rtlativ* magnitude 
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->••*• t70,000 1,170,000 1,1107)00 

i .... >00,000 >70,000 iso.ooo 720.000 1,100.000 

4 .... >70,000 »0,000 «M,000 .g4>,000 

> .... *>0.000 *60,000 1,100,000 

< .... MO.OOO 640,000 *00,000 ’ ; ' 

7 .... 1,100,000 *00,000 ; ' ^ 

Table 2 contains the viscosity average molecular weights M 
.of samples withdrawn at different tiroes from runs No. l.to 
No. 7, as listed in Table 1. It can be aecn that in most cases 
(except runs 2 and 7) the viscosity average molecular weight 
(as measured here) increases as the conversion of moDomcr 
into polymer increases. The maximum viscosity average molecs* 
lar weights of five runs (Nos. 1, 2, 3, 5, and 7) are of about 
the same order of magnitude: namely, 1,100,009;* while runs 4' 
and 6 yielded niaterials of a lower degree of polymerizatioii. 
We cannot give any reasonable explanation for this fact 
there was no evidence for any irregularity during these tiro 
runs as compared with the other five. This is one of tfae 
ireduent instances in which uncontrollable effects occur durins 
emulsion polymerization and which certainly call for further 
investigation and clarification. v ' 

The figures of Table 2 lepresent the M-values of the polymer 
formed si^ to o certain time t or conversion m. In order to 
correlate them with the conversion curve as discussed in the 
previous paragraph, they have to be transformed into differential 
or isutanfaneous values; namely, into the molecular weighu of 
the polymer formed during a given period, say between thd 
fifth and sixth hour of the reaction or between 55 and 65% 
conversion. The time average 'M of the viscosity average 
molecular weight M up to a coovertioo t is obviously givo) by 
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where M(i) is the snstantaneous viscosity average molecular 
weight formed at the conversion i. Differentiating (B) srith 
respect to z one obuins ' - 
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^order to compute M(t) u • fuwnbn of z, one first pU 
: ilues of "M, w indkaied in Tsble 3, vrrtut i nnd obtai 
*. 1 of Figure 3. Then after graphical estimation of - 
.' .tses equation (C) to calculate M(i) as a function of 


on^first plott also riscoiity) average molecular weight of the poJTiner fonned 

I and obtains during this last period of the polynwmatioii. V ^ ^ 

. i The ideal situation would be if XI were repre^ted lij a 
, ■ horizontal straight line in the graph of Figure 3, because then . 
function of t «cond term in equation (C) vanishes, and the mstantanew 


, .gure 1 with curve 2 of Figure 3, it can be seen t^t the 
mlar weight of the polymer fonned during the period im- 
I itdy after the start of the conversion (before the fifth 
offr/iTotKm period— is comparatively low. This can 
. , ;plaiDcd by the pretence either of traces of inhibitor or of 
‘ imbreaking addition compound between inhibitor and acti- 


2. Comparing J weight Xf(z) becomes constant atid equal 1 


M ; the same type of polymer would be produced thfougho^ 
the reaction. This, however, seems practically never to be the 
case in emulsion polymerizations, which have conversion curves 
of the type shown in Figure 1. 

Another indication of the distinctly heterogeneous nature d 
the polymer formed in the course of such a reaction can be 


rtion reaches iU full rate between the polymer lormeq in me couik - 

molecular weight of the polymer obuined in the fo lowing way. The 

„ and it is only during this period run Ko. 1 after s.a and seven hours have intrinsic . 

their proper length, and a material . of 2-S7 and IZ1 resj^t.vJy and con^uently . 


^ die Chaim grow out to their proper length, and a material . ^ 2-57 end 

I aximum DP is produced. It must be emphasized that each Table 2) have molecular weights which 

' ntaneous molonilar weight is still a viscosity average over each other. However if Me 


jhu which are not far apart frOT 
frilows the procedure of Huggins 
lone of their tespective «„ «r#«« 


r species, because even under exactly defined macroscopic (8) »nd compotes from the slope of their tespecUve ^ 
itioos, such as concentration of monomer, caulyst, inhibitor. - • z «i, ul 


• different active centers will grow out to chains of different 

• h, because of the sUlislical nature of all molecular processes, 
polymer at each given eonvertion z is therefore already a 


plots the -It' coiutants characteristic for these two polymer's, 
le arrives at values of 0J7 and 0.28 respectively. In the 


fmer at each given eonvertion z is therefore already a sense of Huggins' interpreution and previous investigs^ 

of chams of different length. To this heterogeneity is by Flory (9) on polyisobutylene. Alfr^ and Barries (IB) 

superimposed the non-uniformity of the polymer formed on cellulose aceUte and polystyrene, the V consunt characterizes , 

le different ptriodt of the reaction as shown by curve 2 in a polymer solution with respect to the mutual bydr^ynamK» 

1 interaction between the molecules of the solvent and the sub- 

' - . . molecules of the polymer. If the two samples of nm No. 1 

■ a, Tim Aviaaot Iv«t*i«t»vk)1)s Wiiobt similar average degrees erf polymerization, hut widely 

. V- C U. I H™r. .nd . - j Hour, different k' values, as they do have, it may be interpreted ll»t 

' ”*■ * 5/ w p 1 nvr either the molecular-size distribution is different or that the 

rf *Coov«.i« S'row 6^ two polymers differ from each other in certain structural details 

ivil t SI Tint Tint [q] as. Thsi Ti»e chain. Another similar case is encountered n one .com- 

Bares the Ic' constants of the 4Vj-hour and 5-hour samples of 

« IK +imo Mo ^ No. S (compare Tabic 2) whkh have very much the ^ 

10 ssOsOOO -i- 1300 svcragc molecular weight, but distinctly different Ic' values: 

S iitSoc ‘'S^ooT llolooo namely. 026 and 0J9 respectively. „ . , u.- ' ' 

These samples, as well as those of run No. 1, alao show 
... ,h, fsA that Zhe final oolvmer as qualiutively rather different aolubility characteristici. If one 

of chains of inferior length, which according^ recent of methanol added, and ^vior of the two soln- 


‘1 this contributes to the fact that the final polymer, as 
mulated throughout the whole reaction, is a i^her in- 
ogeneous material and, particularly, conuins a ezMderable 
unt of chains of inferior length, which according to recent 


amounts of methanol added, and the behavior of the two soln- 


of 76) K^P ?r.nd t;;.r -y titms througlKmt the preciptation i, differ^t. 

for «min mechanical orooertic. of the The next logical step would have been to 


“be''d^mCTuT'forTemin'meriunica! properties of the The next logical step would have b«^ to work out 
rrS. In most of our run. the viscosity average molecular molecular weight distribution cu^es o 

... , , , ^ tim* ;«w-r*9AMi at ccrtiin times during the ciffcrcut runs. These ssizipleis 

t SI- r s;: 

t cases, however, it was found that, as the reaction pro- study of the of ^ polymer rjrmed up to a 

s further (conversions around and above 907*). M(*) wnversi^. A knowledge (even appiosi.nate) of the molecular 


again and eventually assumes rather low values toward weight distribution wrve of the polymer formed durmg ^ 
r ^e run. There are presumably several factor, which different periods of the reaction would be of considerable ^ 
m this effect: two of them are the following: for the interpretation of what happens during .each of these. 


end of the run. There are presumably several factors which diftercnt penoas 01 me reaction »oi ' 

.ribute to this effect; two of them are the following: for *c interpretation of what happ( 

«) As more monomer is consumed, its concentration de- penods. 

:ses and reaches comparatively low values around and above 

- Aversion. In homogeneous ' systems the rate of the Avaraqv PoiticU Siz» ol Ih* Ktnnliiana 

liagation reaction depends upon monomer concentration of . ... - 

• ixponcntial power between IJ and 2-0; while the different Another intcrestmg question was how the average 
lination reactions depend upon monomer concentration of size of an emulsion and its size distribution wrve affect the 
exponential power between Oi and 1X1. Responsible for the course of the polymerization reaction and whether the average 
•age molecular weight is the raUo of rate of propagation size of the emulsified monomer particles rmams constMt througl^ 
rate of termination, which is roughly proportional to the out the process or changes as the liquid monomer is eonve^ 
power of the monomer concentration. Hence decreasing gradually into solid polymer. It was taown from P^eviom 
«ner concentration depresses the average molecular weight industrial work with emulsions of the Buna S and Buna H 
the polymer formed. This conclusion, of course, cannot type that their average particle size is considerably amaller 
-rigorously applied to emulsion polymerization, the kinetics tli»n that of rubber in native la'cx. »nd it is qualitatively ^ 
which is iwt known, but it seems not unreasona ble .to parent that the average particle diameUr decrees during 
'-.me that, in general, a ScT^seinmoniSEI^^snl^^ polymerization The initial emulsions, as preparrf by shaking 

'• 'weig ht the pure liquid monomer with a dilute soap solution, usually 

. course of the reaction, decomposition t«vc a crwmy co^r, wh^h »fter poly-mcrizati^ shows 

JucU of the catalyst (mainly oxygen) can act as chain- ti"« bluish tint i^.ca img that during th^artion U« degr« 

•ikers or transfer catalysts and therefore influence the degree of dispersion of the colloidal system ha, been increased. • 

. , mlymerization of the product. It is conceivable that toward There are several way, of investigating the average particle, 
end of the reaciiem there are relatively more such decom- diameter of such suspensions and even to arrive at an approxi- 

■ ition products present per unit number of growing chains mate form of the particle size distribution curve of which the 

■ I'at lower conversions. This leads to a lower number (and use of the optical dark-field microHMw of ^ 




n«. CoaprctfloB Cerr* d a 8o<9 IcIb- 
flOB <B>d .ol Thf** Eanliln— 



titc loap leh free kfter of (be moooaKT oaij c a r er* 

Hence the difierence Aj -^A, — AA. mb* 1 be Mde op. fajr ^ 
Map, which b bound on the nirfacc of the eaiubified partklca. r 

^ AA • n^e^frr * ; . - -r ^ 

There ate, howerer, the disperied particle* thenuelve* whidi 
fojuire a certain area os the nirfacc of the trouKh, which aoD 
be proportional to their total cross-»ectioD nrr*. Thu will tiiere- 
fore make it appear as if that much less Map has been adMrbed 
by the emulsified particles, and we therefore bare to mbtract 
it from the right tide of eqnatkn) (D). Hfence one arrives at 

The inimber n of the dispersed particles, on the other hand, 
can be expressed by the amount g of tDooonwr in fratna nd 
by the denrity a a* . . . l 
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dectron microscope (13) have been rep ea tedly demonstrated 
with great success. Considering the orienting character of this 
investigation, however, we fell that It would be recommendable 
to sdeet a less time-consuming and complicated procedure in 
order to be able to determine approximatdy the fineness of a 
large number of emulsions at various degrees of conversion 
during the progress of polymerization. We therefore used a 
spreading method oudinH a few year* ago by Davey (14), 
which seems to give results quickly and reproductbly. They 
agree, at least in the first approximation, reasonably well with 
those of a direct optical or electronoptical counting. 

The procedure follows; One uses a normal hydrophilic Lang- 
muir balance and first determines the area which a certain volume 
(e.g., 0.01-milliliter) of a pure dilute soap Mlution requires 
because of the spreading of the surface active ammonium oleate. 
Curve 1 ' in Figure 4 shows a compression curve carried out 
with 0.0112-mitliliteT of a 0i% ammonium oleate solution. 
One milliliter of this Mlution contains 5 x 10^ grams or 1.5 x 10-* 
mol soap, and the total amount of soap Mlution spread on the 
surface contains, thereof, 1.68 x 10-' mol soap, or about li) x !fl" 
molecules ammonium oleate. Evaluating curve 1 of Figure 4 
in the conventional way, one arrives at an extrapolated length 
of the compressed film of 282 centimeters. Kfuttiplying this 
by the width of the tray (14.0 centimeters) one arrives at a 
spreading area A, for toe soap of 39.5 cm*. This, divided by 
the number of soap molecules spread out on this area gives a 
surface requirement of 39JA’ for a single ammoninm oleate 
molecule, which compares with the fir* res found by N. K. 
Adam for potassium Uuratc (15). 

Kexl, after toe balance has been cleaned and readjusted, one 
spreads the same amount (0.0II2-mIlliliter) of an emulskn, 
which was made up with a soap Mlution of the same ooncen- 
tration (03%), takes a compression curve with the enrnt- 
skm, and determines the surface requirement A, of the emulsion. 
It is, in all cases, less than that ^ the briginal soap Mlution. 
This sndicates that the globules of toe emulsion Icffelher with 
toe soap left free after emulsification cover a smaller area than 
the origirul soap did. This u obvious because a considerable 
amount of soap has been used up to cover the surface of the 
cmuldfied particles. Lei us assume we have n globular particles, 
all of ' them having toe same radius r; then n4rr' b the total 
surface of the emulsified phase, and the amount of soap bound 
by adsorption on this surface wDl be proportional to h; namely, 
<>n4rr*. The factor u takes into account that the density 
of toe soap on a monomer particle may be different from the 
density of a soap layer on water. By comparing some of our 
resulu with direct optical observations, H seems, however, that 
under toe conditions referred to in tois article « was always 
in toe neighborhood of unity. The soap conuined in the ori- 
ginal Mlution without monomer covers toe area A,; whik 


Introducing (F) in (E) one Enally grrives at 

which permits the catcnlation of the particle radius from ^ 
experimentally determined value of AA by meant of . . 

r • 0 - ^ 

A few remarks may be added for the use of this method. 
One requirement for a smooth operatioo of toe bydrophil balance 
is to make all confining barriers of the spread systems non* 
wettablm We found that ferric-stearate is a very convenieot 
and eff^ve agent for this purpose. A Mlution of this material in 
benzene was spread on all confining surfaces of the films, and 
toe benzene was allowed to evaporate.' The surfaces were 
then wiped vigorously with a cloth to remove all excess of 
ferric-stearate, and only a very thin layer remained. The 
spreading of the pure soap mlutions does not offer any difficulties, 
but the handling of toe emulsions requires coiuiderable care. 
-Calibrated lengths of capillary tpbing were used as micropi- 
pettes for toe measurements of Bk volumes of the cmulstoos 
to be spread. One should not allow the unknown to drop into 
toe water surfice from any height, but place the ©ri^ of 
the capillary immediately above the surface of the tray. Even 
then it happens that parts of the emulsion submerge and 'do 
not properly spread on the actual surface. This difficulty occurs, 
frequently if already a considerable anxxmt of polymer particles, 
the density of which is slightly larger than unity, has been 
formed, and if the emulsion does not contain mainly monomer as it ' 
does in the initial stages of the polymerization. Such cases 
have to be discarded, and anotocr spreading attempt has to 
be made after the trough has been cleaned and refilled. 

'When a monomer emulsion was made up with a given soap 
mlution, the initial particle size of it was determined by ob- . 
mining AA from two spreading measurements (pure soap odu- 
tion and emulsion) carried out immediately oue after the other. 
The particle sizes of the emulsions withdrawn during toe poly- 
merization were obtained by determining again AA from two 
spreading measurements, namely from the pure soap solution 
which was used to make up the initial emulsion and from the 
emulsion after polymerization had taken place to a certain extent 

Figure 4 shows four compression curves which have the usual 
shape and allow, with a -reasonable degree of accuracy, extrapo- 
lation of the straight line part down to the abscissae. Curve 
I represents a scap mlution and leads, as discussed above, to 
a satisfactory value for the surface requirement of a single 
ammonium oleate tncfecule. The other three curves reflect 
toe behavior of three monostyrene emulsions and show that 



. . iinooth coaipreiiioo atnc* cui be obuined with «aeh mtenu. 

(t may be noted that the linear (high prctnire) portrant -«( 
T** umewhat .teeper than for ^ map folntion 

Iilone. Aa thii wai aJmwt mvariably ob»erY(^^;th all emnl- - 
It teems to k m experimental error, but may reflect 
he tact that an emulsion copuining particlei of .colloidal tiae 
^ nwre difficult to compress than a toap tolntion. 

Table 4 shows the figures obtained with these three curres. 

. tnd the approximate average particle radii derived from them 
.mder the msumption that both a and i in relation 40 .are 
lose to unity. -In this case the equation reduces to 


22St 

AA 


•-(H) 


There g ^ to be measured in grams and AA in cm* in order 
^ > get r m cm. It can be seen that the average particle radii 
re m the range of microns as is to be expected for a system of 
.lie described propertiei. 

Tuls t. Anuci Puncu fiizu sas Otbu Caauenusna 
or SivutL SsHrus 

Anttft Psnide ftsdli DcrivnI Aceordia* tc Komuea (A) 

Width of tW Tnnsh, ii.o Canimetm 


length 


A*-*“ AA“ 


r isr 

51! fi! iJSzto-’ .iAx)0-< i 

'il! '!!! IS ** JJisJO-* tAalO* $ 

U.7 9.0 126 2.2SI10-* CAmiO'* 4 

Usbg different amounts of soap, as indicated in Table I, 

voi emulsions were made up from the same monomer, and 
cir eutial average particle radii were determined with the 
rdrophil balance. The resulu are given in Table 5, which 
to contains a number of other quantities of interest for the 
Jymeiitation of soch emulsions. In the first column there 
the xitimbcr of the emulsioti which correiponds to that of 
ible 1; in tlv second, one finds the amount of soap used in 
■oil. TTie third column contains the average panicle radius, 
•d the fourth the number of emulsified particles in the system* 

• t fifth the total surface of the emulsified phase in one cm* 
the sixth and seventh columns one finds the amount of soap 
•sorbed on the particle surfaces and the amount of soap which 
•till free (assuming that « it in the neighborhood of one). 

, can be seen from Table S that increase of the ratio soap to 
roomer leads to more highly dispersed systems, a fact which 
well knoum from literature (11). Thu dependence of the 
rmge particle radius upon soap concentration is illustrated 
Figure S, where the average radii of the seven emulsions of 
-ble 5 are plotted versus the soap concentration; one notes 
n2s«**”*' decrease of particle size as the soap concentration 
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particles, and the dispersed particles which ewist of a solution 
of. polymer m monomer or of polymer iwollen ia monomer. 
If one watches closely the spreading of emulsions, which oaor 
tain already some polymer, it becomes evident that tiwy are 
less homogeneous than the original monomer wmil.bn 
In all cases it was found that, as the polyroerixatioo proceeds 
the average particle size of the emulsion decreases. Table 6 
contaim a few actually measured figures, and Figure 6 npre. 
sents for several emulsions a plot of the average particle radius 
iwrux the time at which the sample was withdrawn. It can 
be s^ that during the inhibition period the particle sadius 
riraint constant (in some instances even increases ilightly) • 
while It decreases sharply as soon as conversion of inoDoa» 
mto polymer teU in (compare the corresponding curves of 
Figures 1 and 6} and finally levels oat at a figure much lower 
than the initial value. 

Tau 0. Avuzn Puncu DuBttxi or Sawflu «_„■ 

C«« or «o.oB„) r«,« Bo\"no, Wt 

Dictus or Cooroiioa 
tai'Ul PIlAcIt KkIIdi I* 2.6 a 




Arcnae Putido 


;sliunu Ured 

i 2.0x10-* 

, .... S.JxJO* 

. .... 2.6x10-* 

.... 4.0x10-* 
; .... 4.2x10-* 

• .... 4.6x10* 

.... 2.0x10-* 


DXlO-* 


licin 


lAxlOU 
I.»xlO« 
- J.OxlO" 
lx ID** 


l.SxJtP 

l.SxlO* 

t.lxlO* 

2.6x10* 

4.2x10* 

7.7x10* 

t.SxlO* 


1.0x10-* 

1.2x10-* 

1.5x10-* 

2.4x10-* 

2.0x10-* 

5.1x10-* 

I.OxlD-* 


6tiD Free 

I.SitlO-* 

IJxlO-* 

1.4x10-* 

2.5x10-* 

4.0*IO-» ■ 

4.1x10-* 

4.0x10-* 


■ach of the emuliioni was then polymerized in the presence 
(^lura perborate (compare Table I) at 70“ C. under moder- 
ihak.ng m a number of equal ampules. .At certain instances 
.'ules were withdrawn, and the average particle size of the 
. .Uion at that mttance wai determined by the above method. 
1 nuit be pointed out that, as the polymerization proceeds, the 
Ision b«omes a more and more heterogeneous system, 
beginning there are only present soap solution and dis- 
monomer particles. At the reaction proceeds, however 
has to consider soap solution, monomer particles, polymer’ 


In order to find out whether this sharp decnaae 
aveiage ^rticle size is directly connected with the 
I!?!!*®?!-” syitem, we have run simultaneously 


™ wc iwve run simultaneously 

token from the same mother emulsion with and without 
i^er otherwise identical conditions, such as soap cm 
•halang. temperature, etc. Emulsions from ampules b 
taming any Mtalyst did not show any noticeable change in 
particle ra^us. Jn fact If there were any significant 
•t all. It indicated a slight increase in particle siw, d 
suTObly to some agglomeration during the prolonged i 
AU emulsions, however, in which conversion of moe 
polymer took place exhibited a drastic drop in the 


unples 

catalyst 



particle radius, as indicated in Table 6 and Figure 6. In tome 
cases the final average radius was as small as 500 A (0.05- 
mKron) allhough, in general, under the caperimental conditions 
used in this study the final average particle radius wu around 
0.3-0.5-micron, and the ratio between initial and final radius 
about ten. TOs shows that at the end of the polymerization 
. eme has about a thousand times more particles present than at 
the beginning. 

If one withdtawi from one set of ampules two at a certain 
mtennediate time (e.g., 5^ hours) and intermediate con- 
aersion (uy 50%), measures the average particle size ol one 


emulsion, -adds an mhir t to the other, amd runs niii one for 
another five or six hom-^te additional conversion takes' place, 
knd no additional particle size drop has been observe^' which 
shows again that particle size decreaM is intimately connected 
with the chemical process of polymeiwti^ •- 

'It seems that -this experience together . With the experimental 
sesulu and ideas of Fryling, Vinograd, and their collaborators 
(3, 4) can be used to suggest qualitatively a mechanismW emul- 
aion polymerizatim which localizes the different elementary steps, 
such as initiation, propagation, and termination of t^ growing 
Chains outside of the targe particles of ti>e initial monomer 
emulsion. In the next article we shall try to advance such a 
n^hanism and discuss it in the light of our gener^ knowledge ■ 
of polymerization, processes.' “I - 
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it aBoat T.B ” ■ 

Jilt Bixturo it hoatod to 8O-B£O0 In a kottlo with ttlrror and roflox tondontor. 
Polynorl lation oomlotod In akout 4B nln. 

SBo poljBor it agltatod with a largo Tolano of aquoout tolution of , 

hoxanothaphotphato iO.Bjt) at TO® for i nlnutot, fho graauloi aro waoBod 
and drlod* 


Brogplo X 

Iho filtrato from aiaapl# 1 it about BdO al> Bono of thit it utod at a 


granulating agont in tliit axa^lt. 


ilotkyl Bothaorylato 
Bonioyl poToxidt 
nitrato froa axanvla 1 
PiitilUd vator 
Buffor tolution 


Sho oporation it tamo at in azanvlo (1} 


100 g 

1 g r- - 

IBO al - 

Hi f ‘ 

• 8 
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A •olation pr«par«d of Bothpl MtliMrjlato, vator, aad MthJuMl, tbo proportieoa . 

koiaf oaeh *■ to corroipond to olood point eoindltoas. . . v. , 

Bio proooit !■ offootod La a oloood and atom Jaekotod kottlo proridod with tm 
▼alTod lalota (S) and (4). Inlot (S) aozroa for tho latrodootioa of aonoaor 
froa a atook tank and tho lalot for tho iatrodoetioa of polyaorlaatloa Aodiwa ' 
(wator aad ala.)« 


granplo i 

Into this Toaaol la latrodoeod a alztaro of 10 parta hp vol XoHo« 40 parta CBpOfl 
fO parta of vator* .i. . 

Tho Bdxtaro ia gradoallf ^ ' ' ' 

hoatod to 6f®C, with 

atlrrinf, aanploi hoUg V^cnome^r^ U^n 

at froflaont intorrala, ^ ^ 

throop^ tho oampllag || ii ^ p 

odtlot (1) to dotorolao * 

ahoa ioparation of polpmr ^ j 

haa hogua. thkn aopn. ^ ' v 

la ohoorrod, addition of I ^ ' 

froth Boaomor it hogoa *■ y ■ 

and oontlnood thoroaftor I ^ ! 

ao aa to mlntaia tho 

tho Bixtoro la tho V P) 

kottlo at tho olood point. 

Than aihatontial polpmr- 

laation haa takaa plaoo | 

(bat atlll baing oapablo of — s. 

boing olroolatod), ralro (B) _ 'x \ ^ 

la partially oponod md tho J i ~ j i * 

prodoot withdrawn to filtor 
(or oontrifogo). The filtrato 
la rotumod to tho kottlo. 

Additional water and nothaaol ^ 

aro lot In aa ro^alrod. ^ 

(I) \ 

Tho polpnor la waahod V 

with Bothanol. driod =VF== 

for S hra, at *0®0 and ^ 

S hra. at ICO - 140®0. 

Tho grannlar matorlal aaa V / I 

bo broken 19 or powdorod. ^ 







^bzzice. isrcrle-'. A ^eq ^ 

zd 1 xii'l*- ■• **^?**?*T i : A- *• 8>»^;i44H ,»«»>. 

CumnlA i '-■*■- ^•■'- ttfiiJtlt f.?i» b«.;it£J *.-7 ‘lez'.lfr afllr-v.-i;* ein - 

-r ^. - , r> .. ■" ■ : 

»£2 parts of a SjC aq. aolution of wator a>lo:tls pblyissthaorylamids war# frooi 
froB oospendsd Insoloklo oattsr aoatrlfogiqg and voro then dilutod with 
9000 parts of wator. Zbis aolutloa was addod to ttTO parts of notlvfZ Botha- 
erplato wonoaor eontalaing E 2.7 parts of tenaopl poroxldo, and tho mlxtoro 
was plaood In an onaaslod east iron jMkoted tossoI fitted with reflox 
aondensor and a Boehanloal Stirrer with a water seal. Eeated to 80 ^ 0 . 


Ihen the hulk of the reaetioa had taken plaoe, the vessel was heated throudh 
a steaa Jacket and the ts^p of the reaotion raised to 80 ^ to eo^lete the 
reaotlon. ^ 

The solid prodoet is separated hj decantation and eentrlfoglnf, and dried at 
90 * 0 , dlvin* a white sand«llke powder, s^loh open Boldlng at 160 - 180 ® add 
4000 Ih^n*, Clres a prodnst of high strength. 

gxaaple 4 . 

One velniBe of asth/l Bethaerylate and S toIboss of E 8 - 29 ^ aqoa KH^ was allowed 
to stand with periodic shaking for B -9 doj^s at roo» temperature. This was 
distilled to half the voltsM at 100 -U 8 bo. later distilled off was replaoed 
hy distilled water, and pH lowered to 9.0 hy glacial acetie sold, the solution 
then was placed la an ovon at 90*0 for 9-6 days. A thick gel-lWt* resia 


re salted. 


gxaaple 9 

A glass-lined Jacketed kettle of 60 gal oapaolty proTided with a stirrer and 
a reflux eondenser was charged with 96 gal of water and 9 gal of aethyl 


Bthaorylate sontalnlng 1% of henioyl peroxide and 0.8 of 1% of the ge l-lik e 
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^JUB OX# ^ -r / ■ * - 

«x) ,»t. Of . ..110141 ~.p«.i« '^*~‘** * r..#n- 

M ,03 P.. 11«7 1. B.1.4 4. WO. * 1 4«,«« Of -t^l -»^nUM 

(0 port. .* bptpl -TTUt. .<«t^ 0.1# .f .»«pl P.~^*» V 

tlowly wliil« •tlrrln*. .. ‘ 

1. .-put. «t.r t« »a tu P.U-- u »« *“ 
f.» .f ei.....i.« b.1. -HI -p u *-» •» »» '^TS 

by vaibing with w»t*r* 

K« ,«d.r. .f «.b»l -tU.ryUt.. t1. CW. P»l- -1U».. 

and ferilo wid* ■•jr 

-« .« ,~1.. 4.P..4. - »U »t. .f -dttl- .f tu «no«r (--HP 
^ br)# Wd on «!• po^«r uMd In diipemion* 
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